A popular signal processing technique for beam position measurements uses the principle of amplitude-modulation -tophase-modulation (AMPM) conversion and phase detection. This technique processes position-sensitive beam-imagecurrent probe-signals into output signals that are proportional to the beam's position. These same probe signals may be summed and processed in a different fashion to provide output signals that are proportional to the peak beam current. This paper derives the transfer functions for the AMPM beam position and peak beam current processors.
I. INTROIIUCTION
Presently, there are several techniques that process signals from position-sensitive beam-irnage-current probes into widebandwidth signals proportional to charged particle beam positions and peak current. One of the more popular techniques uses a double balanced mixer (DBM) as a component in a AMPM beam-position processor and peak beam current or intensity detector [ 1, 2] . The DBM is used as a phase detector in the beam position processor and a synchronous detector in the peak current processor. Fig. 1 and 5 show simplified schematics of theses two processors.
The processor initially filters and amplifies opposite probe-lobe signals (e.g., top and bottom lobes) to provide optimum measurement signal-to-noise characteristics. The amplitude ratio of these signals: is then converted to a phase difference using an AMPM circuit. The input signals to the AMPM circuit are 
where R(dB) = 2010g(lVT(/IVBI) [2, 3] . This AMPM outputphase difference is measured by a DBM. Because of the inherent amplitude sensitivity of the DBM to amplitude variations, limiting amplifiers or limiters are used to stabilize the signal amplitudes to the DBM input ports in both the position and peak-current processors. 
GENERAL DBM OPERATION
The DBM is a three port device consisting of two transformers whose primary and secondary windings are connected to two input ports and a bridge diode circuit, respectively (see Fig. 2 ). The DBM output port produces a
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Figure 2: DBM schematic with a limiter amplifier driving the LO port and a terminating resistor across the output IF port. current through a termination resistor connected between the center taps of the two secondary transformer-windings. As the sign changes on either the LO or RF input ports, currents are conducted through the appropriate diodes in the bridge circuit and through the termination resistor to produce an output voltage, vv ( t ) .
The LO port is near saturation (as defined by the limiter drive circuitry and the DBM diodes in saturation), the resulting signal provides a square wave switching function described by 0-7803-3053-6/96/$5 .OO '1996 IEEE sin(nn//2) nn/2 S(t) = 2x-
If the RF port is not saturated, its signal is
The resultant IF-output-port signal is the multiplication of these two input port signals [4]. Processing at a single frequency (i.e., let wLo = uRF = U ) and folding the left frequency-domain components into the right components, therefore providing an additional factor of two, the unfiltered IF-output-port signal, vo(t), is
By employing a trigonometric identity, the two cosine terms with different arguments in Eq. (5) are separated into sum and difference frequency and phase terms and, vo (t) becomes
Since only the fundamental components are used for the position and peak current processing, and remembering that the LO and RF ports have the same fundamental frequencies, the filtered IF-output-port signal, vo ( t ) , is or where p = 3.105 for n = 1 to 199.
POSITION TRANSFER FUNCTION
Unsaturated DBM RF-Port Case Fig. 1 shows the beam position processor with limiters connected to the RF-and LO-input DBM ports. To initially simplify the mathematical model, assume that there is no limiter connected to the DBM RF port (i.e., similar to Fig. 5 ). The position-processor transfer function, vpos (t) , is the combination of Eq. (2) and (8) and is vpos(t) = P ,A,AoaVRF c o~[ 2 a r c t a n ( l O~/~~) -n/2] (9) where a is an dimensionless attenuation circuit-constant and A, and A0 are the input and output amplifier gains in volts per volts. (6) is applied, and higher frequency components are removed using a LPF, the filtered DBM-IF-port signal becomes Since the AMPM converter does not allow the phase difference between the two DBM input ports to extend past W 2 , Eq. (12) is further simplified as where p = 4. Therefore, for the saturated DBM-RF-porl condition, the position-processor transfer-function equation is Fig. 4 shows, in practice, how well this model describes the actual circuitry. The circuit parameters a , A,, and V,, werc measured for various input signal ratios, and a nonlinear leas1 squares fit based on Eq. (14) was performed on the measured data. The fit variable was a single multiplier substituted foi a , A,, and VRF. As can be seen, the error between the fii and theory is within a +0. 1 dB band. The measured centeredbeam multiplier for a 1 dB input ratio was 0.76 volts and tht fitted equation gave a 0.79 volt multiplier. This difference i! within the measurement errors of the circuit parameters usec in the multiplier. (14) and the error between the theory and data are plotted as a function of the ratio of opposite-lobe input signals.
Alternate Fomz
The position-processor transfer function can be further simplified by letting @ = arctan(lVrl/lVBI) and using another trigonometric identity. The resultant simplification to Eq. (14) is (17), the AMPM ratio processing technique is a special case of the more generic "difference-over-sum'' (A/C) processing technique. This AMPM technique has a larger dynamic range than other A/Z processing techniques due to its inherent larger signal-to-noise characteristics for centered-beam conditions. Other typical AE processors have lower signal-to-noise characteristics because most circuit realizations have an amplitude-nulling node or junction within their circuit topology. This nulling junction limits the generic Alxprocessor's dynamic-range for center beam conditions. As can be seen in Fig. 1 , the AMPM position processor does not have an amplitude-nulling junction within its circuit topology, and therefore, has a larger dynamic range than other ALZ processors. 
where, again, j3 = 3.105.
V. CONCLUSION
This paper has derived the transfer functions for the AMPM beam position and peak current processors. The equations were solved for the nonsaturated and saturated DBM-RF-port beam-position-processor. The arctan function's argument, found in the typical saturated RF-port case, is comprised of the ratio of opposite probe lobes. After further simplification, it was found that this AMPM positionprocessor circuit is really a special case of the more general "difference-over-sum'' processing technique. Finally, the peak-beam-current transfer function was derived.
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